BACKGROUND: Both obesity and depression have been associated with significant increases in health care costs. Previous research has not examined whether cost increases associated with obesity could be explained by confounding effects of depression. OBJECTIVE: Examine whether the association between obesity and health care costs is explained by cooccurring depression. DESIGN: Cross-sectional study including telephone survey and linkage to health plan records. PARTICIPANTS: 4462 women aged 40 to 65 enrolled in prepaid health plan in the Pacific Northwest. MAIN MEASURES: The telephone survey included selfreport of height and weight and measurement of depression by the Patient Health Questionnaire (PHQ9). Survey data were linked to health plan cost accounting records. KEY RESULTS: Compared to women with BMI less than 25, proportional increases in health care costs were 65% (95% CI 41% to 93%) for women with BMI 30 to 35 and 157% (95% CI 91% to 246%) for women with BMI of 35 or more. Adjustment for co-occurring symptoms of depression reduced these proportional differences to 40% (95% CI 18% to 66%) and 87% (95% CI 42% to 147%), respectively. Cost increases associated with obesity were spread across all major categories of health services (primary care visits, outpatient prescriptions, inpatient medical services, and specialty mental health care). CONCLUSIONS: Among middle-aged women, both obesity and depression are independently associated with substantially higher health care costs. These cost increases are spread across the full range of outpatient and inpatient health services. Given the high prevalence of obesity, cost increases of this magnitude have major policy and public health importance
O besity is consistently associated with increased use of health services. [1] [2] [3] For example, a body mass index (BMI) of 30 or more has been associated with a 50% increase in per capita costs, and a BMI of 40 or more has associated with a 100% increase. 2, 3 Given the high and increasing prevalence of obesity, these increased costs are expected to have large effects on future US health care spending. 4, 5 Obesity, however, is also associated with depression. [6] [7] [8] [9] Risk of co-occurring depression increases in step-wise fashion with increasing BMI, especially among women. 8, 10, 11 Odds of depression are 1.5 to 2.5 times as high among women with BMI of 30 or more compared to those of normal weight. 12 Depression is also consistently associated with increased use of health services. [13] [14] [15] Moderate or severe depression (whether identified by treatment records or by screening) is associated with a 50% to 75% increase in per capita health care costs. This association appears consistent across the range of age and severity of medical illness. 14, 15 It is possible, therefore, that the observed association between obesity and increased health care costs could be explained by the effect of co-occurring depression (i.e. depression confounds the association between obesity and costs). It is also possible that the association between obesity and health care costs varies according to level of depression (i.e. depression moderates the association between obesity and costs). We are not aware of any previous research examining these possibilities.
This report uses data from a population-based sample of middle-aged women to examine how health care costs are associated with obesity and depression. Analyses specifically examine questions regarding confounding (Is the association between obesity and health care costs actually explained by cooccurring depression?) and moderation or effect modification (Is the association between obesity and health care costs similar across different levels of depression?). 
METHODS

Setting
Sample
Data from Group Health's Breast Cancer Screening program were used to over-sample women expected to have higher BMI. All women aged 40 and older enrolled in Group Health are invited to complete periodic breast cancer risk questionnaires including self-reported height and weight. 16 Using these data, women who last reported a BMI of 30 or more were sampled at 100%, women who last reported a BMI less than 30 were sampled at 12%, and women who did not complete a screening questionnaire in the last five years were sampled at 25%. This stratified sampling procedure was intended to increase the efficiency of the survey and to permit correction for differences in response rates. All analyses incorporated sampling weights 17 so that results accurately reflect the entire population of women aged 40 to 65.
Recruitment
All sampled participants were mailed an invitation letter including core elements of informed consent (purpose of the study, study procedures, risks, voluntary nature of participation, procedures to protect confidentiality). The letter included a $5 gift card incentive and a phone number through which potential participants could decline further contact. Those who did not decline were contacted by telephone beginning approximately one week after mailing of the invitation letter. Participants received no additional compensation for completing the survey.
Telephone Survey
Surveys were conducted by trained interviewers from Group Health's survey research program. Each interviewer received at least 8 hours of general interview training and 4 hours of project-specific training. Certification required satisfactory performance in two role-play interviews and two observed interviews. Contact protocols required a minimum of nine contact attempts, including attempts during evening and weekend times. Each survey began with a detailed consent script repeating all elements of informed consent (study purpose, study procedures, potential risks, privacy of study information), and each participant provided documented oral consent prior to participation.
The telephone survey included self-reported height and weight and the nine-item Patient Health Questionnaire (PHQ), a self-report measure of symptoms from the American Psychiatric Association DSM-IV criteria for diagnosis of major depressive episode. Validation studies in the general population as well as in general medical outpatients and medical inpatients have shown excellent agreement between the self-report PHQ and a clinician structured interview. [18] [19] [20] [21] Possible scores range from 0 to 27 with score between 5 and 9 on this scale representing a mild level of depressive symptoms and a score of 10 or more representing a moderate or severe level.
A related study described elsewhere 22 
Cost Data
Survey results were linked to health plan cost accounting records for a 12-month period beginning six months before and extending to six months after the survey date. Group Health's cost accounting system assigns budget-based costs (rather than charges) to every unit of health service (visit, hospital day, laboratory test, prescription) provided at GHC facilities. Services purchased from outside facilities or providers are listed at the cost paid by Group Health. Primary analyses examined total costs for all services provided or paid for by the health plan. Secondary analyses examined costs for five non-overlapping categories of service: primary care visits, outpatient prescriptions, outpatient visits to medical specialists, inpatient medical care, and specialty mental health care (both inpatient and outpatient).
Data Analysis
Data analyses were conducted using SAS/STAT® software, Version 9.1. All analyses incorporate sampling weights to account for the stratified sampling procedure described above and for differential response rates across sampling strata. Each completed survey was assigned a weight equal to the inverse probability of selection times the inverse probability of response for that stratum. As expected, the distribution of total health care costs was highly skewed and approximated a log-normal distribution. Consequently, comparisons of total costs across PHQ and BMI categories were conducted using gamma regression with a log link.
Model results for total costs should therefore be interpreted in terms of proportional or multiplicative differences (e.g. 25% increase in total costs) rather than absolute or additive differences (e.g. $750 difference in total costs). Costs for inpatient medical care and specialty mental health care were highly skewed with half or more of participants having zero costs and a small number having high costs. Consequently, statistical comparisons for cost categories used nonparametric methods (Kruskal-Wallis Rank Sum Test).
RESULTS
Of 8000 potential participants who were mailed invitation letters, 442 were found to be ineligible (had since died, moved away, or disenrolled from the health plan). Of the remaining 7558 eligible women, 865 could not be reached by telephone and 2033 declined to participate, leaving 4660 participants (62% of those eligible). Participation was not related to age or history of depression treatment, but did vary significantly across sampling strata (63% among those previously reporting BMI > = 30 vs. 59% among those previously reporting BMI <30 vs. 34% among those declining to participate in breast cancer screening, X 2 =344, df=2, p< 0.001). As discussed above, all analyses incorporated sampling weights to correct for differential response across strata. Analyses of cost data were limited to the 4462 women continuously enrolled in the health plan from six months prior to the survey until six months after. This sample had a mean age of 52, 80% were Caucasian, 61% were married, 63% were employed, and 49% were college graduates.
As reported previously, 12 Table 1 . Annual health services costs increased in step-wise fashion with increasing BMI and with increasing severity of depression (Fig. 1) . In a regression model adjusting for age, total health care costs varied significantly across categories of BMI (X 2 =52.25, df=3, p=< 0.001). When depression score was added to this model, BMI category remained a highly significant predictor of log-transformed cost (X 2 =26.49, df=3, p=0.003). After adjustment for co-occurring symptoms of depression, proportional increases in cost with increasing BMI were smaller, but the pattern was qualitatively unchanged: Cost increased in step-wise fashion with increasing BMI and all of the overweight or obese groups were significantly different from the normal-weight reference group (Table 2) . Across all levels of PHQ depression score, annual health services costs increased in a step-wise fashion with increasing BMI (Fig. 2) . In a regression model predicting total cost as a function of age, BMI category, and depression score category (Table 3) , the proportional increase in costs with increasing BMI appeared generally similar across different strata of depression severity. Nevertheless, a formal test for interaction effect found that the relationship between total costs and BMI varied across depression categories more than expected by chance (X 2 =19.99, df=6, p= 0.003).
The association between BMI and health care costs was generally similar across different categories of health services (Fig. 3) . Costs of medical specialty care did not vary across BMI categories more than expected by chance. For every Figure 1 . Annual health care costs (with 95% confidence limits) according to BMI or depression severity.
other category, costs increased in step-wise fashion with increasing BMI, and the variation across categories of BMI far exceeded that expected by chance (p < 0.001 for all comparisons by Kruskal-Wallis Rank Sum Test). The proportional increase in costs with increasing BMI appeared greater for outpatient prescriptions and inpatient medical care than for other categories of costs. Similarly, the association between depression severity and health care costs was similar across different categories of health services (Fig. 4) . For every category of health service, costs increased in step-wise fashion with increasing depression score. This relationship was highly significant (p <0.001 by Kruskal-Wallis Rank Sum Test) for all cost categories. The proportional increase in costs with increasing depression score appeared greater for primary care visits and specialty mental health care than for other categories of cost. Even among those with PHQ depression scores of 10 or more, however, specialty mental health care costs accounted for only approximately 5% of total costs. When distributions are highly skewed (as for inpatient costs and specialty mental health costs), means may not accurately reflect central tendency. Alternative versions of Figures 3 and 4 using medians or 5% trimmed means showed qualitatively similar relationships (details available on request).
DISCUSSION
In this sample of middle-aged women, we confirm previous findings that both obesity and depression are associated with increased health care costs. Overall health care costs were more than twice as high for women with severe or morbid obesity (BMI of 35 or more) than for women of normal weight. Health care costs were nearly twice as high for women with at least moderate symptoms of depression (PHQ depression score of 10 or more) than for women without significant symptoms of depression. We find only modest evidence for confounding. While our analyses find statistically significant effect modification, the pattern of increasing cost with increasing BMI appeared similar across all different levels of depression severity.
Our findings indicate that most of the previously reported association between obesity and health care costs is not explained by the confounding effect of co-occurring depression. Annual costs for women with BMI of 35 or greater were approximately 150% higher than for women with BMI less than 25, and adjustment for co-occurring depression reduced this proportional difference to approximately 90%. We should add that adjustment for potential confounding may not be appropriate if overlapping effects instead reflect mediation. 23 For example, obesity may lead to increased health care costs because it increases risk for depression and depression increases health care costs. In such a scenario, adjusting away the effect of cooccurring depression would under-estimate the true association between obesity and health care costs. While our analyses indicate a statistically significant interaction effect, but the observed level of effect modification is probably not meaningful. Examination of Figure 2 Tabled values are proportional differences with 95% confidence intervals based on gamma regression with log link Figure 2 . Annual health care costs (with 95% confidence limits) according to BMI, stratified by depression severity.
indicates that the relationship between obesity and health care costs was qualitatively similar for women with different levels of depression. Nevertheless, a regression model predicting proportional differences in cost did find that the association between obesity and depression varied more than expected by chance across different levels of depression. In this large sample, differences that are not meaningful from a clinical or public health perspective may still exceed the 5% level of statistical significance. More important, the result of a statistical test for interaction may differ depending on whether costs are analyzed on the original scale or after logarithmic transformation. Across all levels of depression, the proportional change in total costs with increasing BMI was generally similar: costs were approximately twice as high for those with BMI above 35 (morbid obesity) than for those with BMI below 25 (normal weight). But the absolute change in total costs appeared greater at higher levels of depression (a difference of approximately $2000 for those with higher depression scores compared to approximately $1500 for those with lower depression scores).
The associations between obesity and health care costs or between depression and health care costs were not confined to any specific type of health service. As in previous studies, [13] [14] [15] only a small proportion of the added costs associated with depression could be associated with depression treatment. The magnitude of the association between obesity and health care costs did appear greater for outpatient prescriptions and medical hospitalizations. And the association between depression and health care costs did appear greater for primary care visits and mental health specialty care. Nevertheless, most individual categories of health care costs increased in step-wise fashion with both increasing severity of depression and increasing BMI.
At least some of the association between obesity and costs is likely explained by chronic health conditions. For example, obesity may increase risk of diabetes or heart disease leading to increased use of health services. In this scenario, chronic health conditions would be considered a mediator rather than confounder.
The relationships among depression, chronic illness, and health care costs are probably more complex. Depression might increase risk of chronic illness by influencing health behaviors (such as diet, exercise, or tobacco use) or through biological mechanisms (such as neuroendocrine systems or inflammatory pathways). 24 In these cases, chronic illness would be a mediator of the association between depression and health care costs. Alternatively, both depression and increased use of health services could be consequences of chronic illness. In this case, chronic illness would be considered a confounder. Finally, depression might increase use of health services independent of chronic illness by increasing help-seeking for unexplained or ill-defined physical symptoms. These observational data cannot prove causal relationships. It is possible that the associations among obesity, depression, Tabled values are proportional differences with 95% confidence intervals based on gamma regression with log link Figure 3 . Categories of health care costs (with 95% confidence limits) according to BMI.
and health care costs are actually explained by some preceding factor that increases risk of obesity and depression while also increasing use of health services. For example, childhood adversity or socioeconomic disadvantage may increase risk of both obesity and depression. 25 In the case of this type of confounding, we would not expect that interventions directed at reducing the prevalence of either obesity or depression would lead to lower health care costs. Previous research, however, does indicate that improvement in depression is associated with decreases in health care costs. 26, 27 Fewer studies have examined changes in health care costs associated with weight loss, but some suggest that weight loss following obesity surgery is associated with decreases in health care costs. [28] [29] [30] [31] Interpretation of these results should consider some important limitations. First, our sample was limited to women aged 40 to 65, and we cannot know if these results would generalize to men or to other age groups. Second, only 62% of potential participants completed the survey, and we cannot exclude the possibility that the relationships among obesity, depression, and health care costs were different in non-participants. Third, assessment of depression was limited to symptoms during the past two weeks, and this method would not capture fluctuations in depression (either naturally occurring or resulting from treatment) during the 12-month period used to calculate health care costs. Fourth, obesity was assessed by self-reported BMI when waist circumference may be a stronger predictor of both depression and adverse health consequences. 32, 33 Fifth, our analyses focus on mild and moderate depression because our sample included few women with PHQ scores greater than 20.
We conclude that both obesity and depression are independently associated with substantial increases in health care costs. The cost increases associated with both obesity and depression are spread across the full range of outpatient and inpatient health services. Regarding the association between depression and health care costs, we find that the absolute increase in costs associated with depression is greatest among the overweight and obese. This suggests that efforts to improve recognition and management of depression among the overweight and obese may, like previous efforts among those with chronic medical illness, [34] [35] [36] [37] help to reduce overall health care costs. Regarding the association between obesity and health care costs, we confirm previous findings regarding the excess health care costs associated with overweight or obesity and add that this association is not confounded by co-occurring depression. Given the implications of increasing obesity rates for future health care costs, 4,5 more effective prevention of obesity is an economic imperative.
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